Twenty-four-hour records of arterial pressure (AP), heart rate (HR), oral temperature (OT) and physical and mental performance were obtained in air traffic controllers during morning (n = 16), afternoon (n = 17) and night (n = 19) shifts. Data were analyzed by the cosinor method During the night shift either no change of the circadian acrophases (HR, right-hand grip strength) or acrophase delays ranging from about 2 h (systolic AP, OT, mental performance) up to 3 h (diastolic and mean AP, left-hand grip strength) were observed. Our data suggest that the shift system studied does not significantly alter the circadian rhythms, and does not induce a desynchronization, particularly as concerns arterial pressure and oral temperature.
INTRODUCTION
The occupation of air traffic controllers (ATCs) is considered one of the most stressing in terms of specific demands, high level of work load and responsibility, and shift work. 1 " 4 The shift work systems used by ATC services involve a single (87.6%) or two successive (9.2%) night shifts. 5 It is reported that a reversal of circadian rhythm of blood pressure occurs in shift workers during the night shifts, 6 ' 7 while the rhythm of body temperature remains unaltered 21 consecutive night shifts. 11 Thus the shift work may result in significant internal desynchronization and circadian dysrhythmia, the latter being an important factor in the genesis of transport accidents. 12 A significant decline in health state in shift workers in comparison with day workers is observed, mainly due to gastrointestinal and cardiovascular disorders. 2 ' 13 ' 14 It is tentatively accepted that the use of forward (delaying) or rapid shift rotating schedules prevents or reduces the disturbance of the circadian system. 14 " 18 However, few reports have documented the circadian rhythm changes of multiple physiological variables in ATCs. 9 ' 10 The effect of shift work on the circadian rhythm of arterial pressure in ATCs is not yet described. The aim of the present study was to investigate the impact of a forward 1-1-1 rapid rotation shift schedule on cardiovascular circadian rhythms in air traffic controllers. Parts of this work have been previously reported. 19 '
SUBJECTS AND METHODS
All investigations were done after obtaining informed consent. Clinically healthy male ATCs working at international Bulgarian airports in Sofia, Varna and Burgas were studied. They were engaged on three shifts according to the following 5-day forward rapid rotation shift system: first day -morning shift (07:00-14:00); second day -afternoon shift (13:00-20:00); third day -night shift (20:00-07:00); fourth dayrest; fifth day -day-off. Sixty volunteers were randomly selected from a population of about 250 ATCs and examined as follows:
Morning shift: 20 ATCs with mean age 34.1 ± 1.3 yrs and mean work experience 11.6±1.3 yrs.
Afternoon shift: 20 ATCs with mean age 38.6 ± 1.4 yrs and mean work experience 16.4 ±1.7 yrs.
Night shift: 20 ATCs with mean age 34.2 ± 1.4 yrs and mean work experience 10.8 ±1.5 yrs.
Systolic, diastolic and mean arterial pressure (AP), and heart rate (HR) were measured every 30 min for a 24-h period using ambulatory monitors (Accutracker -Medilog, Oxford or Nippon Colin ABPM-630).
Oral temperature (OT) was measured at approximate 4-h intervals while awake during the 24-h AP monitoring span, using mercury maximum thermometer with an accuracy of 0.05°C. A minimum of 5 min sublingual insertion, while the subject was resting, was required. Eating, ingestion of hot or cold drinks and smoking were not allowed directiy before measurement. Recording of the rectal temperature, which is an excellent marker rhythm, was not used because it was not acceptable to die majority of subjects. 21 Performance testing at approximate 4-h intervals consisted of a physical task (bilateral grip strength measurement, the right hand being the master hand in all subjects) and a simple mental (arithmetic) task, both tasks requiring 1-2 minutes to complete. Three consecutive grip strength measurements were carried out at each test time-point, both arm and body position being standardized, and the highest figure was recorded. All measurements started immediately before the start of working activities for the respective shift.
Daily activities of each subject were recorded during the 24-hour study period on a standardized 24-h chart by drawing a continuous line across a grid with rows labelled 'air traffic control', 'other related duties (including scheduled breaks)', 'leisure time' and 'sleep', with an accuracy of 12 min. In addition, the subjective sleep quality was noted on a visual analogue scale giving scores ranging from 0% ('very bad') to 100% ('very good').
The measurements of OT, physical and mental performance and diary records were taken by a medical investigator (during duty) and by the subjects themselves (who were given training, i.e., by means of autorhythmometry 22 ).
All 24-h data were analyzed according to single and population cosinor method 22 to estimate the mesor (the 24 h-adjusted mean), amplitude (the half of the peak-to-trough difference) and acrophase (the peak time location on a 24 h scale with local midnight as a phase reference). All parameters for different shifts were compared using Student's r-test. The values are given as mean ± SEM.
RESULTS
The data obtained in eight (morning shift: four, afternoon shift: three and night shift: one) out of the 60 ATCs studied were discarded because of data loss (less than six time-point records for the OT or the performance parameters during the 24-hour monitoring period).
The daily activities of the ATCs were as follows (h:min):
Morning shift: air traffic control -2:28 ±0:13 (35% of the shift duration); other duties -4:32 ±0:13 (65%); leisure time -9:34 ± 0:17; sleep -7:26 ± 0:17, with a sleep quality of 52.6 ± 6.0%.
Afternoon The results from the cosinor analysis are shown in Tables 1 and 2 . No changes in any circadian rhythm were found during afternoon shift. In night working ATCs either no change of the circadian acrophases (HR, right-hand grip strength) or acrophase delays ranging from about 2 h (systolic AP, OT, mental performance) up to 3 h (diastolic and mean AP, left-hand grip strength) were observed, in comparison with those in ATCs working on morning shift (p < 0.05 or less in all cases).
DISCUSSION
The work load assessed by the duration of the air traffic control activity is similar to previously published data. 23 The reduction in sleep duration after a night shift corresponds to those reported in other stud- Table 2 . Circadian parameters of oral temperature and performance in air traffic controllers in morning (n= 16), afternoon (n= 17) and night (n= 19) shifts. The data were determined by applying the cosinor method and are expressed as mean ± SEM for mesor, and mean and 95% confidence limit for amplitude and acrophase when p < 0.05. 25 The lack of significant alteration in subjective sleep quality after a night shift, in comparison with morning or afternoon shift, agrees with results obtained in US Air Force traffic controllers 10 and in Bulgarian railway traffic controllers. 25 The parameters of the circadian rhythms of AP and HR during the morning and the afternoon shifts are similar to already published data for healthy male subjects with similar ages, 26 for a smaller ATC sample used as a control group in another study, 27 and for shift working railway traffic controllers during daily shifts. 25 The circadian parameters of OT and physical and mental performance during morning and afternoon shifts agree with results obtained in healthy adults 25 and shift workers. 29 or by experimental shifts in healthy male adults. 30 Thus Bulgarian civilian ATCs maintain a diurnally oriented OT rhythm irrespective of shift, as reported in USAF. ATCs under a 2-2-2 forward rapid rotation shift schedule 10 and in Italian ATCs under a 1-1-1 (afternoon-morning-night) shift schedule. 9 The desynchronization between the rhythms in right-and left-hand grip strength during the night shift reproduces a phenomenon already observed in shift workers 28 and in old subjects. 31 The main finding of our study is the lack of a reversal of the circadian rhythm of systolic, diastolic and mean AP during night shift, in spite of the acrophase delays observed. Thus the diurnally oriented circadian blood pressure pattern is preserved, similarly to the OT rhythm in ATCs under rapid rotation shift schedules. 9 ' 10 The identical delay of the circadian temperature rhythm in the same subjects suggests that most probably no significant internal desynchronization occurs as a consequence of the shift system used. Our data contradict the complete reversal of the circadian rhythm of AP during night shifts reported by others. 6 ' 7 This discrepancy can be explained by the fact that any overt diurnal variation may represent an inexact reflection of the internal circadian rhythm. This inexactitude arises from disturbing influences of the environment (artificial bright light, physical activity, social factors). Effects directly due to the environment are referred to as 'masking'. 32 Masking of many parameters occurs during night work. 33 Thus the reversal in the rhythm of AP observed in nurses 6 may result from cumulative masking effects of the continuous illumination of the hospital environment, 34 because data are collected during four consecutive night shifts. The reversal of the rhythm of AP observed during five consecutive night shifts in physical workers 7 may be explained in a similar way. The impact of masking factors such as bright light and activity seems to be strongly reduced in our study due to the low level of illumination in the ATC rooms and the scheduled breaks allowing naps during the night shifts.
Parameter
Our findings show that the shift system studied (1-1-1 forward rapid rotation with scheduled breaks allowing naps) does not unduly alter the normal circadian cardiovascular rhythms, and does not induce a significant desynchronization, particularly in arterial pressure and oral temperature. As a consequence, ATCs on the night shift must operate at the nadir of a number of rhythms, including some performance rhythms. 35 Thus increased confusion and fatigue and decreased vigor 10 and lowered vigilance 36 were reported in ATCs overnight. It is known however, that the concept of single performance rhythm is erroneous. There is evidence that memory-loaded cognitive tasks may be performed particularly well at night provided there is a little adjustment of the individual circadian rhythms, while the performance efficiency of certain simple and/or monotonous tasks parallels the circadian rhythm in body temperature. 15 ' 29 ' 37 This is supported by the lack of significant decrease of performance by night in Italian ATCs (visual reaction time and critical flicker fusion frequency) under 1-1-1 (afternoonmorning-night) rapidly rotating shift system, in spite of the increased fatigue at the end of each shift, 9 or in Bulgarian ATCs (simple and choice visual reaction time, attention and short-term memory) under the forward rapidly rotating shift system investigated in this study. 38 The use of the forward rapid rotation shift system studied does not unduly disturb the circadian rhythms, or induce a significant desynchronization. The forward (delaying) rotation seems to correspond better to the period of the endogenous circadian clock, and generates fewer physical, psychological and social problems and improved sleep quality, in comparison with advancing systems. 14 
"
18 However, the final resolution of this problem will need a controlled longitudinal study in air traffic controllers to compare forward and backward rotation systems, without changing simultaneously other shift parameters. 18 
